Vaping devices, introduced to the US market in 2007 as aids for smoking cessation, have become popular among youth and young adults because of their enticing fl avors and perceived lack of negative health effects. However, evidence is emerging that vaping may introduce high levels of dangerous chemicals into the body and cause severe lung injury and death. This article reviews the history and prevalence of vaping and available research on its health effects and effi cacy in smoking cessation, and proposes recommendations for clinicians and legislators to reduce harms associated with vaping.
E lectronic cigarettes and other "vaping" devices have been increasing in popularity among youth and adults since their introduction in the US market in 2007. 1 This increase is partially driven by a public perception that vaping is harmless, or at least less harmful than cigarette smoking. 2 Vaping fans also argue that current smokers can use vaping as nicotine replacement therapy to help them quit smoking. 3 We disagree. Research on the health effects of vaping, though still limited, is accumulating rapidly and making it increasingly clear that this habit is far from harmless. For youth, it is a gateway to addiction to nicotine and other substances. Whether it can help people quit smoking remains to be seen. And recent months have seen reports of serious respiratory illnesses and even deaths linked to vaping. 4 In December 2016, the US Surgeon General warned that e-cigarette use among youth and young adults in the United States represents a "major public health concern," 5 and that more adolescents and young adults are now vaping than smoking conventional tobacco products.
This article reviews the issue of vaping in the United States, as well as available evidence regarding its safety.
■ YOUTH AT RISK
Retail sales of e-cigarettes and vaping devices approach an annual $7 billion. 6 A 2014-2015 survey found that 2.4% of the general US population were current users of e-cigarettes, and 8.5% had tried them at least once. 3 Youth are particularly at risk. In a 2018 survey, 7 20 .8% of high school students reported using e-cigarettes on more than 1 day in the VAPING previous 30 days (Table 1) , a signifi cant increase from 1.5% in 2011. Additionally, 11.3% of high school students reported using 2 or more types of tobacco products; in middle school students, the number was 4.9%-nearly 1 in 20-up from 0.6% in 2011. 8 In 2014, for the fi rst time, e-cigarette use became more common among US youth than traditional cigarettes. 5 The odds of taking up vaping are higher among minority youth in the United States, particularly Hispanics. 9 This trend is particularly worrisome because several longitudinal studies have shown that adolescents who use e-cigarettes are 3 times as likely to eventually become smokers of traditional cigarettes compared with adolescents who do not use ecigarettes. [10] [11] [12] If US youth continue smoking at the current rate, 5.6 million of the current population under age 18, or 1 of every 13, will die early of a smoking-related illness. 13 
■ RECENT OUTBREAK OF VAPING-ASSOCIATED LUNG INJURY
As of November 5, 2019, there had been 2,051 cases of vaping-associated lung injury in 49 states (all except Alaska), the District of Columbia, and 1 US territory reported to the US Centers for Disease Control and Prevention (CDC), with 39 confi rmed deaths. 4 The reported cases include respiratory injury including acute eosinophilic pneumonia, organizing pneumonia, acute respiratory distress syndrome, and hypersensitivity pneumonitis. 14 Most of these patients had been vaping tetrahydrocannabinol (THC), though many used both nicotine-and THC-containing products, and others used products containing nicotine exclusively. 4 Thus, it is diffi cult to identify the exact substance or substances that may be contributing to this sudden outbreak among vape users, and many different product sources are currently under investigation.
One substance that may be linked to the epidemic is vitamin E acetate, which the New York State Department of Health has detected in high levels in cannabis vaping cartridges used by patients who developed lung injury. 15 The US Food and Drug Administration (FDA) is continuing to analyze vape cartridge samples submitted by affected patients to look for other chemicals that can contribute to the development of serious pulmonary illness.
■ WHAT IS AN E-CIGARETTE? WHAT IS A VAPE PEN?
E-cigarettes, the most common type of electronic nicotine delivery system, 1 look like conventional cigarettes. Designs vary, but the devices generally contain a power source (typically a lithium battery), a heating element, and a reservoir for the "e-liquid" (Figure 1) . The e-liquid typically consists of a solvent (propylene glycol or vegetable glycerin), fl avorings (eg, tobacco, mint, fruit, bubblegum), and, often, nicotine in various doses. When the user inhales, the negative pressure closes a switch, turning on the heater, which turns some of the liquid into an aerosol, which is inhaled. The aerosol may contain nicotine, but formulations are proprietary and not currently regulated. Vape pens consist of similar elements but are not necessarily similar in appearance to a conventional cigarette, and may look more like a pen or a USB fl ash drive. In fact, the Juul device is recharged by plugging it into a USB port.
Vaping devices have many street names, including e-cigs, e-hookahs, vape pens, mods, vapes, and tank systems.
The fi rst US patent application for a device resembling a modern e-cigarette was fi led in 1963, but the product never made it to the market. 16 Instead, the fi rst commercially suc-Adolescents who vape are 3 times as likely to become traditional cigarette smokers 
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cessful e-cigarette was created in Beijing in 2003 and introduced to US markets in 2007. Newer-generation devices have larger batteries and can heat the liquid to higher temperatures, releasing more nicotine and forming additional toxicants such as formaldehyde. Devices lack standardization in terms of design, capacity for safely holding e-liquid, packaging of the e-liquid, and features designed to minimize hazards of use.
Not just nicotine
Many devices are designed for use with other drugs, including THC. 17 In a 2018 study, 10.9% of college students reported vaping marijuana in the past 30 days, up from 5.2% in 2017. 18 Other substances are being vaped as well. 19 In theory, any heat-stable psychoactive recreational drug could be aerosolized and vaped. There are increasing reports of e-liquids containing recreational drugs such as synthetic cannabinoid receptor agonists, crack cocaine, LSD, and methamphetamine. 17
Freedom, rebellion, glamour
Sales have risen rapidly since 2007 with widespread advertising on television and in print publications for popular brands, often featuring celebrities. 20 Spending on advertising for e-cigarettes and vape devices rose from $6.4 million in 2011 to $115 million in 2014-and that was before the advent of Juul (see below). 21 
If current trends continue, 1 of 13 American youth will die early of a smokingrelated illness

VAPING
Marketing campaigns for vaping devices mimic the themes previously used successfully by the tobacco industry, eg, freedom, rebellion, and glamour. They also make unsubstantiated claims about health benefi ts and smoking cessation, though initial websites contained endorsements from physicians, similar to the strategies of tobacco companies in old cigarette ads. Cigarette ads have been prohibited since 1971-but not e-cigarette ads. Moreover, vaping products appear as product placements in television shows and movies, with advocacy groups on social media. 22
By law, buyers have to be 18 or 21
In 2016, the FDA published rules and regulations for the sale of tobacco products-including e-cigarettes-deeming them to be subject to the Federal Food, Drug, and Cosmetic Act as amended by the Family Smoking Prevention and Tobacco Control Act, placing re-strictions on their sale and distribution, and requiring warning statements on them. 23 Notably, it prohibited sale of tobacco products to anyone younger than 18 (and 18 US states now require buyers to be at least 21; Table 2 ). The FDA also prohibited sales in vending machines, except in locations that are inaccessible to youth.
Vaping devices can be purchased at vape shops, convenience stores, gas stations, and over the Internet; up to 50% of sales are conducted online. 24 Fruit fl avors are popular Zhu et al 25 estimated that 7,700 unique vaping fl avors exist, with fruit and candy fl avors predominating. The most popular fl avors are tobacco and mint, followed by fruit, dessert and candy fl avors, alcoholic fl avors (strawberry daiquiri, margarita), and food fl avors. 25 These fl avors have been associated with higher usage in youth, leading to increased risk of nicotine addiction. 26 ■ WHAT IS JUUL?
The Juul device (Juul Labs, www.juul.com) was developed in 2015 by 2 Stanford University graduates. Their goal was to produce a more satisfying and cigarette-like vaping experience, specifi cally by increasing the amount of nicotine delivered while maintaining smooth and pleasant inhalation. They created an eliquid that could be vaporized effectively at lower temperatures. 27 While more than 400 brands of vaping devices are currently available in the United States, 3 Juul has held the largest market share since 2017, 28 an estimated 72.1% as of August 2018. 29 The surge in popularity of this particular brand is attributed to its trendy design that is similar in size and appearance to a USB fl ash drive, 29 and its offering of sweet fl avors such as "crème brûlée" and "cool mint."
On April 24, 2018, in view of growing concern about the popularity of Juul products among youth, the FDA requested that the company submit documents regarding its marketing tactics, as well as research on the effects of this marketing on product design and public health impact, and information about adverse experiences and complaints. 30 The company was forced to change its mar- 
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keting to appeal less to youth. Now it offers only 3 fl avors: "Virginia tobacco," "classic tobacco," and "menthol," although off-brand pods containing a variety of fl avors are still available. And some pods are refi llable, so users can essentially vape any substance they want.
Although the Juul device delivers a strong dose of nicotine, it is small and therefore easy to hide from parents and teachers, and widespread use has been reported among youth in middle and high schools. Hoodies, hemp jewelry, and backpacks have been designed to hide the devices and allow for easy, hands-free use. YouTube searches for terms such as "Juul," "hiding Juul at school," and "Juul in class," yield thousands of results. 31 A 2017 survey reported that 8% of Americans age 15 to 24 had used Juul in the month prior to the survey. 32 "To juul" has become a verb.
Each Juul starter kit contains the rechargeable inhalation device plus 4 fl avored pods. In the United States, each Juul pod contains nearly as much nicotine as 1 pack of 20 cigarettes in a concentration of 3% or 5%. (Israel and Europe have forced the company to replace the 5% nicotine pods with 1.7% nicotine pods. 33 ) A starter kit costs $49.99, and additional packs of 4 fl avored liquid cartridges or pods cost $15.99. 34 Other brands of vape pens cost between $15 and $35, and 10-mL bottles of e-liquid cost approximately $7.
What is 'dripping'?
Hard-core vapers seeking a more intense experience are taking their vaping devices apart and modifying them for "dripping," ie, directly dripping vape liquids onto the heated coils for inhalation. In a survey, 1 in 4 high school students using vape devices also used them for dripping, citing desires for a thicker cloud of vapor, more intense fl avor, "a stronger throat hit," curiosity, and other reasons. 35 Dripping involves higher temperatures, which leads to higher amounts of nicotine delivered, along with more formaldehyde, acetaldehyde, and acetone (see below). 36 
■ BAD THINGS IN E-LIQUID AEROSOL
Studies of vape liquids consistently confi rm the presence of toxic substances in the resulting vape aerosol. [37] [38] [39] [40] Depending on the combination of fl avorings and solvents in a given e-liquid, a variety of chemicals can be detected in the aerosol from various vaping devices. Chemicals that may be detected include known irritants of respiratory mucosa, as well as various carcinogens. The list includes:
• Organic volatile compounds such as propylene glycol, glycerin, and toluene • Aldehydes such as formaldehyde (released when propylene glycol is heated to high temperatures), acetaldehyde, and benzaldehyde • Acetone and acrolein • Carcinogenic nitrosamines • Polycyclic aromatic hydrocarbons • Particulate matter • Metals including chromium, cadmium, nickel, and lead; and particles of copper, nickel, and silver have been found in electronic nicotine delivery system aerosol in higher levels than in conventional cigarette smoke. 41 The specifi c chemicals detected can vary greatly between brands, even when the fl avoring and nicotine content are equivalent, which frequently results in inconsistent and confl icting study fi ndings. The chemicals detected also vary with the voltage or power used to generate the aerosol. Different fl avors may carry varying levels of risk; for example, mintand menthol-fl avored e-cigarettes were shown to expose users to dangerous levels of pulegone, a carcinogenic compound banned as a food additive in 2018. 42 The concentrations of some of these chemicals are suffi ciently high to be of toxicologic concern; for example, one study reported the presence of benzaldehyde in e-cigarette aerosol at twice the workplace exposure limit. 43 
Biologic effects
In an in vitro study, 44 57% of e-liquids studied were found to be cytotoxic to human pulmonary fi broblasts, lung epithelial cells, and human embryonic stem cells. Fruit-fl avored e-liquids in particular caused a signifi cant increase in DNA fragmentation. Cell cultures treated with e-cigarette liquids showed increased oxidative stress, reduced cell proliferation, and increased DNA damage, 44 which may have implications for carcinogenic risk.
In theory, any heat-stable recreational drug could be aerosolized and vaped VAPING
Flavored vaping liquids have been associated with higher usage in youth
In another study, 45 exposure to e-cigarette aerosol as well as conventional cigarette smoke resulted in suppression of genes related to immune and infl ammatory response in respiratory epithelial cells. All genes with decreased expression after exposure to conventional cigarette smoke also showed decreased expression with exposure to e-cigarette smoke, which the study authors suggested could lead to immune suppression at the level of the nasal mucosa. Diacetyl and acetoin, chemicals found in certain fl avorings, have been linked to bronchiolitis obliterans, or "popcorn lung." 46
Nicotine is not benign
The nicotine itself in many vaping liquids should also not be underestimated. Nicotine has harmful neurocognitive effects and addictive properties, particularly in the developing brains of adolescents and young adults. 47 Nicotine exposure during adolescence negatively affects memory, attention, and emotional regulation, 48 as well as executive functioning, reward processing, and learning. 49 The brain undergoes major structural remodeling in adolescence, and nicotine acetylcholine receptors regulate neural maturation. Early exposure to nicotine disrupts this process, leading to poor executive functioning, diffi culty learning, decreased memory, and issues with reward processing.
Fetal exposure, if nicotine products are used during pregnancy, has also been linked to adverse consequences such as defi cits in attention and cognition, behavioral effects, and sudden infant death syndrome. 5
Much to learn about toxicity
Partly because vaping devices have been available to US consumers only since 2007, limited evidence is available regarding the long-term effects of exposure to the aerosol from these devices in humans. 1 Many of the studies mentioned above were in vitro studies or conducted in mouse models. Differences in device design and the composition of the e-liquid among device brands pose a challenge for developing well-designed studies of the long-term health effects of e-cigarette and vape use. Additionally, devices may have different health impacts when used to vape cannabis or other drugs besides nicotine, which requires further investigation.
■ E-CIGARETTES AND SMOKING CESSATION
Conventional cigarette smoking is a major public health threat, as tobacco use is responsible for 480,000 deaths annually in the United States. 50 And smoking is extremely diffi cult to quit: as many as 80% of smokers who attempt to quit resume smoking within the fi rst month. 51 The chance of successfully quitting improves by over 50% if the individual undergoes nicotine replacement therapy, and it improves even more with counseling. 50 There are currently 5 types of FDA-approved nicotine replacement therapy products (gum, patch, lozenge, inhaler, nasal spray) to help with smoking cessation. In addition, 2 non-nicotine prescription drugs (varenicline and bupropion) have been approved for treating tobacco dependence.
Can vaping devices be added to the list of nicotine replacement therapy products? Although some manufacturers try to brand their devices as smoking cessation aids, in one study, 52 one-third of e-cigarette users said they had either never used conventional cigarettes or had formerly smoked them.
Bullen et al 53 randomized smokers interested in quitting to receive either e-cigarettes, nicotine patches, or placebo (nicotine-free) e-cigarettes and followed them for 6 months. Rates of tobacco cessation were less than predicted for the entire study population, resulting in insuffi cient power to determine the superiority of any single method, but the study authors concluded that nicotine e-cigarettes were "modestly effective" at helping smokers quit, and that abstinence rates may be similar to those with nicotine patches. 53 Hajek et al 54 randomized 886 smokers to ecigarette or nicotine replacement products of their choice. After 1 year, 18% of e-cigarette users had stopped smoking, compared with 9.9% of nicotine replacement product users. However, 80% of the e-cigarette users were still using e-cigarettes after 1 year, while only 9% of nicotine replacement product users were still using nicotine replacement therapy products after 1 year.
While quitting conventional cigarette smoking altogether has widely established DINARDO AND ROME health benefi ts, little is known about the health benefi ts of transitioning from conventional cigarette smoking to reduced conventional cigarette smoking with concomitant use of e-cigarettes.
Campagna et al 55 found no benefi cial health effects in smokers who partially substituted conventional cigarettes for e-cigarettes.
Many studies found that smokers use ecigarettes to maintain their habit instead of quitting entirely. 56 It has been suggested that any slight increase in effectiveness in smoking cessation by using e-cigarettes compared with other nicotine replacement products could be linked to satisfying of the habitual smoking actions, such as inhaling and bringing the hand to the mouth, 24 which are absent when using other nicotine replacement methods such as a nicotine patch.
As with safety information, long-term outcomes regarding the use of vape devices for smoking cessation have not been yet established, as this option is still relatively new.
■ VAPING AS A GATEWAY DRUG
Another worrisome trend involving electronic nicotine delivery systems is their marketing and branding, which appear to be aimed directly at adolescents and young adults. Juul and other similar products cannot be sold to anyone under the age of 18 (or 21 in 18 states, including California, Massachusetts, New York, and now Ohio). Despite this, Juul and similar products continue to increase in popularity among middle school and high school students. 57 While smoking cessation and health improvement are cited as reasons for vaping among middle-aged and older adults, adolescents and young adults more often cite fl avor, enjoyment, peer use, and curiosity as reasons for use.
Adolescents are more likely to report interest in trying a vape product fl avored with menthol or fruit than tobacco, and commonly hold the belief that fruit-fl avored e-cigarettes are less harmful than tobacco-fl avored e-cigarettes. 58 Harrell et al 59 polled youth and young adults who used fl avored e-cigarettes, and 78% said they would no longer use the product if their preferred fl avor were not available.
In September 2019, Michigan became the fi rst state to ban the sale of fl avored e-cigarettes in stores and online. Similar bills have been introduced in California, Massachusetts, and New York. 60 Myths and misperceptions abound among youth regarding smoking vs vaping. Young people view regular cigarette smoking negatively, as causing cancer, bad breath, and asthma exacerbations. Meanwhile, they believe marijuana is safer and less addictive than traditional cigarette smoking. 61 Youth exposed to e-cigarette advertisements viewed e-cigarettes as healthier, more enjoyable, "cool," safe, and fun. 61 The overall public health impact of increasing initiation of smoking, particularly among youth and young adults, should not be underestimated.
■ SECONDHAND VAPE AND OTHER EXPOSURE RISKS
Cigarette smoking has been banned in many public places, in view of a large body of scientifi c evidence about the harmful effects of secondhand smoke. Advocates for allowing vaping in public places say that vaping emissions do not harm bystanders, but evidence is insuffi cient to support this claim. 62 One study showed that passive exposure to e-cigarette aerosol generated increases in serum levels of cotinine (a nicotine metabolite) similar to those with passive exposure to conventional cigarette smoke. 5 Accidental nicotine poisoning in children as a result of ingesting e-cigarette liquid is also a major concern, 63 particularly with sweet fl avors such as bubblegum or cheesecake that may be attractive to children.
Calls to US poison control centers with respect to e-cigarettes and vaping increased from 1 per month in September 2010 to 215 in February 2014, with 51% involving children under age 5. 64 This trend resulted in the Child Nicotine Poisoning Prevention Act, which passed in 2015 and went into effect in 2016, requiring packaging that is diffi cult to open for children under age 5. 5 Device malfunctions or battery failures have led to explosions that have resulted in substantial injuries to users, as well as house and car fi res. 49 
Specifi c chemicals detected can vary greatly between brands VAPING ■ HOW DO WE DISCOURAGE ADOLESCENT USE?
There are currently no established treatment approaches for adolescents who have become addicted to vaping. A review of the literature regarding treatment modalities used to address adolescent use of tobacco and marijuana provides insight that options such as nicotine replacement therapy and counseling modalities such as cognitive behavioral therapy may be helpful in treating teen vaping addiction. However, more research is needed to determine the effectiveness of these treatments in youth addicted to vaping. Given that youth who vape even once are more likely to try other types of tobacco, we recommend that parents and healthcare providers start conversations by asking what the young person has seen or heard about vaping. Young people can also be asked what they think the school's response should be: Do they think vaping should be banned in public places, as cigarettes have been banned? What about the carbon footprint? What are their thoughts on the plastic waste, batteries, and other toxins generated by the e-cigarette industry?
New US laws ban the sale of e-cigarettes and vaping devices to minors in stores and online. These policies are modeled in many cases on environmental control policies that have been previously employed to reduce tobacco use, particularly by youth. For example, changing laws to mandate sales only to individuals age 21 and older in all states can help to decrease access to these products among middle school and high school students.
As with tobacco cessation, education will not be enough. Support of legislation that bans vaping in public places, increases pricing to discourage adolescent use, and other measures used successfully to decrease conventional cigarette smoking can be deployed to decrease the public health impact of e-cig-arettes. We recommend further regulation of specifi c harmful chemicals and clear, detailed ingredient labeling to increase consumer understanding of the risks associated with these products. Additionally, we recommend eliminating fl avored e-cigarettes, which are the most appealing type for young users, and raising prices of e-cigarettes and similar products to discourage use by youth.
If current cigarette smokers want to use ecigarettes to quit, we recommend that clinicians counsel them to eventually completely stop use of traditional cigarettes and switch to using e-cigarettes, instead of becoming a dual user of both types of products or using e-cigarettes indefi nitely. After making that switch, they should then work to gradually taper usage and nicotine addiction by reducing the amount of nicotine in the e-liquid. Clinicians should ask patients about use of e-cigarettes and vaping devices specifi cally, and should counsel nonsmokers to avoid initiation of use.
■ EVIDENCE OF HARM CONTINUES TO EMERGE
Data about respiratory effects, secondhand exposure, and long-term smoking cessation effi cacy are still limited, and it remains as yet unknown what combinations of solvents, fl avorings, and nicotine in a given e-liquid will result in the most harmful or least harmful effects. In addition, while much of the information about the safety of these components has been obtained using in vitro or mouse models, increasing reports of serious respiratory illness and rising numbers of deaths linked to vaping make it clear that these fi ndings likely translate to harmful effects in humans. E-cigarettes may ultimately prove to be less harmful than traditional cigarettes, but it seems likely that with further time and research, serious health risks of e-cigarette use will continue to emerge. 
